In this stud y, we attempt to analyse free nonlinear vibrations of buckling in laminated composite beams.
INTRODUCTION
Nonlinear vibrations of beams have occurred in many engineering applications. Most of the studies on the nonlinear vibration analysis which have been done on isotropic beams (Qaisi, 1993 In this paper the free vibration of laminated composite beams is studied. The paper has the following sections: After the Introduction, the mathematical formulation of the problem of the vibration of laminated composite beams is given. Then, the basic concept of the energy balance method (EBM) and He's amplitude frequency formulation (HAFF) is described.
Subsequently, EBM and HAFF are studied to demonstrate the applicability and preciseness of these methods. This is followed by a presentation of some comparisons between analytical and numerical solutions. Finally, it is showed that EBM and HAFF can converge to a precise cyclic solution for laminated composite beams. The dot indicates the derivative with respect to time t, the prime indicates the derivative with respect to the spatial coordinate x, and the hat identifies the dimensional quantities. r is the radius of gyration of the cross section, are the axial, coupling, and bending stiffnesses, respectively and defined as:
MATHEMATICAL FORMULATION
Where is the reduced-transformed stiffness of the kth lamina, ẑ k is its height, and N is the number of layers. The material properties are assumed not to change within a typical lamina Hyer (1998) . The boundary conditions are given by (6) 0 and 0 at 0,1 w w x cc 
And is the nondimensional first critical buckling load that is equal to for simply supported beams and for clamped-clamped beams. It is worth noting that the constant vanishes for symmetric laminates, as can be noted in Eq. (2).
It is important to emphasize that Eq. (1) 
Where coefficients of Eq. (16) are presented in Appendix A (Emam, 2013 ). Since and are generalized dimensionless displacement and time variables, respectively, its variational principle can be easily obtained:
BASIC IDEA OF HE'S ENERGY BALANCE METHOD (EBM)
.
F u f u du ³
Therefore, it can be written in the form:
Oscillating systems contain two important physical parameters, i.e. the frequency and the amplitude of oscillation, . So let us consider the initial conditions: 
APPLYING EBM
In order to assess the advantages and the accuracy of the energy balance method; we will apply this method to the discussed system. Its variational formulation can be easily established: 
BASIC IDEA OF HE'S AMPLITUDE FREQUENCY FORMULATION (HAFF)
Let us consider the general nonlinear oscillator as follows: 
According to the HAFF, the above residuals can be rewritten in the forms of weighted residuals.
A simple calculation yields: 
Therefore, the approximate frequency reads:
According to Eq. (48), we obtain the following approximate solution:
DISCUSSION OF THE RESULTS
In this section, we verify the results of EBM and HAFF with a numerical solution using
Runge-Kutta method (RKM). In Fig. 2 , the W−t diagrams for two certain groups of parameter values are obtained analytically (EBM and HAFF) and numerically (RKM). The curves are in a good agreement. 
CONCLUSIONS
It can be concluded that:
1. The EBM and HAFF methods have been successfully applied to obtain an accurate analytical solution for the nonlinear vibration in the buckling of laminated composite beams.
2. It has been illustrated that the results of EBM and HAFF are in a good agreement with those obtained by the numerical method.
3. The influences of the parameters of laminated composite beams on the vibration are as follows:
As it is shown, the amplitude of the oscillation has a great effect on the vibrations of the composite beams in buckling. From the relationships of the parameters in Appendix A, the axial load, stiffness, number of layers, and radius of gyration of the cross section of the laminated composite beams in buckling also have great effects on the response of the vibration.
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